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For: ELECTRODE FOR ELECTRIC DISCHARGE SURFACE TREATMENT AND 
MANUFACTURING METHOD THEREOF 

PRELIMINARY AMENDMENT 

Commissioner for Patents 
Washington, D.C. 20231 

Sir: 

Prior to examination, please amend the above-identified application as follows: 

TN THE SPECIFICATION : 

Page 7-8, please delete the BRIEF DESCRIPTION OF THE DRAWINGS and replace it 
with the following new one: 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1(a) and 1(b) are illustrations showing an electrode for electric discharge surface treatment 
and a manufacturing method thereof according to this invention. 

Fig. 2 is an illustration showing a configuration example of an electric discharge surface 
treatment apparatus using the electrode for electric discharge surface treatment according to the 
invention. 

Fig. 3 is an illustration showing a configuration example of an electric discharge surface 
treatment apparatus using a conventional electrode for electric discharge surface treatment. 



REMARKS 



Entry and consideration of this Amendment is respectfully requested. 
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APPENDIX 



VERSION WITH MARKINGS TO SHOW CHANGES MADE 

IN THE SPECIFICATION : 

The specification is changed as follows: 

Page 7-8, BRIEF DESCRIPTION OF THE DRAWINGS 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figs. 1 (a) and Kb) areishan illustrations showing an electrode for electric discharge surface 
treatment and a manufacturing method thereof according to this invention. 

Fig. 2 is an illustration showing a configuration example of an electric discharge surface 
treatment apparatus using the electrode for electric discharge surface treatment according to the 
invention. 

Fig. 3 is an illustration showing a configuration example of an electric discharge surface 
treatment apparatus using a conventional electrode for electric discharge surface treatment. 
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Description 



Electrode for Electric Discharge Surface Treatment and 
Manufacturing Method Thereof 

Technical Field 

This invention relates to improvements in an electrode for 
electric discharge surface treatment and a manufacturing method 
thereof used in electric discharge surface treatment operations 
for forming a hard coating made of an electrode material on 
the surface of a treated material or a hard coating made of 
a substance in which the electrode material reacts by electric 
discharge energy through the energy by generating electric 
discharge between the electrode and the treated material. 

Background Art 

Conventionally, as a technique of forming a hard coating on 
the surface of a treated material to provide corrosion resistance 
or abrasion resistance, there is an electric discharge surface 
treatment method disclosed in, for example, JP-A-5-148615 . 
This technique is an electric discharge surface treatment method 
of a metal material comprising two steps of performing primary 
processing (deposition processing) using a green compact 
electrode obtained by mixing a WC (tungsten carbide) powder 
and a Co (cobalt) powder to perform compression molding and 
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then performing secondary processing (remelting processing) 
by replacing the green compact electrode with an electrode with 
relatively small electrode consumption such as a copper 
electrode. In this method, a hard coating having strong 
adhesion strength to a steel material can be formed, but it 
is difficult to form a hard coating having strong adhesion 
strength to a sinter material such as cemented carbide. 

However, according to our research, it has been found that 
when a material for forming hard carbide such as Ti (titanium) 
is used as an electrode and electric discharge is generated 
between the electrode and a metal material which is a treated 
material, a strong hard coating can be formed on the surface 
of the metal which is the treated material without a process 
of remelting. This is because carbon which is a component in 
processing liquid reacts with the electrode material consumed 
by the electric discharge to form TiC (titanium carbide) . Also, 
it has been found that when by a green compact electrode of 
metal hydride such as TiH 2 (titanium hydride), electric 
discharge is generatedbetween the electrode andametalmaterial 
which is a treated material, a hard coating with the adhesion 
higher than that of the case of using a material such as Ti 
can speedily be formed. Further, it has been found that when 
by a green compact electrode in which other metals or ceramics 
are mixed with the hydride such as TiH 2 , electric discharge 
is generated between the electrode and a metal material which 



2 



is a treated material, a hard coating with various properties 
such as hardness or abrasion resistance can speedily be formed. 

Such a method is disclosed in, for example, JP-A-9-192937, 
and a configuration example of an apparatus used in such electric 
discharge surface treatment will be described by way of Fig, 
3. In the drawing, numeral 1 is a green compact electrode 
obtained by compressedly molding a TiH 2 powder, and numeral 
2 is a treated material, and numeral 3 is a processing bath, 
and numeral 4 is a processing liquid, and numeral 5 is a switching 
element for performing switching of voltage and current applied 
to the green compact electrode 1 and the treated material 2, 
and numeral 6 is a control circuit for performing on-of f control 
of the switching element 5, and numeral 7 is a power source, 
and numeral 8 is a resistor, and numeral 9 is a hard coating 
formed. By such a configuration, the hard coating 9 having 
strong adhesion strength can be formed on the surface of the 
treated material 2 such as steel or cemented carbide through 
electric discharge energy by generating electric discharge 
between the green compact electrode 1 and the treated material 
2 * 

There is a problem in that an electrode used in such electric 
discharge surface treatment is difficult to handle unless the 
electrode has a certain degree of strength and also the electrode 
crumbles excessively by electric discharge energy at the time 
of the electric discharge surface treatment and the electrode 
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material cannot adhere to the surface of the treated material 
in a state of melting. Also, in case that the strength of the 
electrode is high and the electrode hardens excessively, there 
is a problem in that the electrode is difficult to crumble by 
electric discharge energy at the time of the electric discharge 
surface treatment and processing efficiency reduces. Thus, 
the electrode for electric discharge surface treatment requires 
moderate strength and crumbliness. As a material having such 
properties, metal hydride is given, but since there is danger 
of spontaneous combustion in case that the metal hydride touches 
at water, there is a problem in a safety standpoint . Therefore, 
a practical electrode for electric discharge surface treatment 
including the metal hydride in the electrode material cannot 
be obtained* 

Disclosure of the Invention 

This invention is implemented to solve the problems, and an 
object of the invention is to obtain a practical electrode for 
electric discharge surface treatment and a manufacturing method 
thereof capable of reducing manufacturing costs while improving 
processing efficiency of electric discharge surface treatment 
and having superior safety. 

With an electrode for electric discharge surface treatment 
according to a first invention, in the electrode for electric 
discharge surface treatment used in electric discharge surface 
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treatment for forming a hard coating on the surface of a treated 
material through the energy by generating electric discharge 
between the electrode and the treatedmaterial, at least a powder 
of metal carbide and a powder of metal hydride are mixed and 
heating treatment is performed after compression molding and 
hydrogen in the metal hydride is desorbed to be formed. 

With an electrode for electric discharge surface treatment 
according to a second invention, in the first invention, the 
metal carbide is titanium carbide and the metal hydride is 
titanium hydride. 

With an electrode for electric discharge surface treatment 
according to a third invention, in the first invention, amixture 
ratio of the powder of the metal carbide to the powder of the 
metal hydride is set according to desired electrode strength 
and crumbliness. 

With a manufacturing method of an electrode for electric 
discharge surface treatment according to a fourth invention, 
in the manufacturing method of an electrode for electric 
discharge surface treatment used in electric discharge surface 
treatment for forming a hard coating on the surface of a treated 
material through the energy by generating electric discharge 
between the electrode and the treatedmaterial, at least a powder 
of metal carbide and a powder of metal hydride are mixed and 
heating treatment is performed after compression molding and 
hydrogen in the metal hydride is desorbed to manufacture the 
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electrode for electric discharge surface treatment. 

With a manufacturing method of an electrode for electric 
discharge surface treatment according to a fifth invention, 
in the fourth invention, the metal carbide is titanium carbide 
and the metal hydride is titanium hydride. 

With a manufacturing method of an electrode for electric 
discharge surface treatment according to a sixth invention, 
in the fourth invention, a mixture ratio of the powder of the 
metal carbide to the powder of the metal hydride is set according 
to desired electrode strength and crumbliness. 

This invention has the following effects since the invention 
is constructed as described above. 

An electrode for electric discharge surface treatment 
according to the first invention and the second invention has 
an effect of providing a low cost and superior safety. Also, 
in electric discharge surface treatment using this electrode 
for electric discharge surface treatment, there is an effect 
capable of improving processing efficiency while forming a good 
hard coating on the treated material. 

An electrode for electric discharge surface treatment 
according to the third invention has an effect similar to that 
of the first invention, and also the electrode for electric 
discharge surface treatment having strength and crumbliness 
of the electrode suitable for desired electric discharge surface 
treatment characteristics can be obtained, and in electric 
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discharge surface treatment using this electrode for electric 
discharge surface treatment, there is an effect capable of 
forming a good hard coating according to characteristics of 
the treated material . 

A manufacturing method of an electrode for electric discharge 
surface treatment according to the fourth invention and the 
fifth invention has an effect capable of stably supplying an 
electrode for electric discharge surface treatment with a low 
cost and superior safety. Also, in electric discharge surface 
treatment using the electrode for electric discharge surface 
treatment manufactured by this manufacturing method, there is 
an effect capable of improving processing efficiency while 
forming a good hard coating on the treated material. 

A manufacturing method of an electrode for electric discharge 
surface treatment according to the sixth invention has an effect 
similar to that of the fourth invention, and also the electrode 
for electric discharge surface treatment having strength and 
crumbliness of the electrode suitable for desired electric 
discharge surface treatment characteristics can be 
manufactured, and in electric discharge surface treatment using 
this electrode for electric discharge surface treatment, there 
is an effect capable of forming a good hard coating according 
to characteristics of the treated material. 

Brief Description of the Drawings 
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Fig. 1 is an illustration showing an electrode for electric 
discharge surface treatment and a manufacturing method thereof 
according to this invention* 

Fig. 2 is an illustration showing a configuration example 
of an electric discharge surface treatment apparatus using the 
electrode for electric discharge surface treatment according 
to the invention. 

Fig. 3 is an illustration showing a configuration example 
of an electric discharge surface treatment apparatus using a 
conventional electrode for electric discharge surface 
treatment . 

Best Mode for Carrying Out the Invention 

As shown in the background art, an electrode for electric 
discharge surface treatment requires moderate strength and 
crumbliness and in metal hydride which is a material having 
such properties/ there is a problem in a safety standpoint. 
Thus, it is necessary to manufacture an electrode made of a 
material having strength and crumbliness suitable for an 
electrode for electric discharge surface treatment similar to 
the metal hydride and no problem in the safety standpoint. 
According to experiments performed on various materials for 
this purpose, it has been found that the strength of a green 
compact electrode in which a powder is compressedly molded has 
a close relation to hardness of the powder. That is, when the 
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powder has high hardness (for example, metal carbide etc.)/ 
a shape of the powder is difficult to change even when performing 
compression molding, so that the molding is difficult or there 
is a property of becoming brittle even when the molding is 
possible. Also, when the powder has low hardness (for example, 
powder of metal single etc.), the powder deforms easily when 
performing compression molding, so that there is a property 
of hardening strongly. 

Therefore, it has been found that an electrode for electric 
discharge surface treatment having desired strength and 
crumbliness can be obtained by mixing powders with different 
hardness at a predeterminedmixture ratio to perform compression 
molding . 

Next, a case of manufacturing an electrode by mixing a TiC 
powder which is metal carbide (high hardness) and a Ti powder 
which is a metal single (low hardness ) as powders with different 
hardness to perform compression molding will be described as 
one example* As an electrode for electric discharge surface 
treatment, it is necessary to make a particle diameter of the 
electrode material powders to approximately 10 ^m or less in 
order to improve electric discharge characteristics in electric 
discharge surface treatment, but since Ti is a sticky material, 
it is difficult to decrease the particle diameter of the Ti 
powder. That is, in order to grind the powder, an apparatus 
called a ball mill for putting the powder and balls of ceramics 



into a cylindrical vessel to rotate them is generally used, 
but in the case of the Ti powder even using such an apparatus, 
since Ti is a sticky material, a deformation of the powder occurs, 
but fineness of the powder does not proceed too much. Thus, 
in the case that the electrode material is the Ti powder, since 
fineness of a particle diameter of the electrode material powder 
suitable for the electrode for electric discharge surface 
treatment requires extremely high manufacturing costs, a 
practical electrode for electric discharge surface treatment 
cannot be obtained* 

Therefore, it is important to select electrode materials 
capable of mixing powders with different hardness at a 
predeterminedmixture ratio in order to provide desired strength 
and crumbliness to the electrode for electric discharge surface 
treatment and also performing fineness of a particle diameter 
of these powders at practical manufacturing costs. An 
illustration of an electrode for electric discharge surface 
treatment and a manufacturing method thereof according to this 
invention using the electrode materials selected from such a 
viewpoint is shown in Fig. 1. In the drawing, numeral 10 is 
an electrode for electric discharge surface treatment according 
to this invention, and numeral 11 is a TiC powder which is a 
metal carbide powder, and numeral 12 is a TiH 2 powder which 
is a metal hydride powder, and numeral 13 is a Ti powder which 
is a metal single powder. Also, Fig. 2 is one example of an 
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electric discharge surface treatment apparatus constructed 
using the electrode for electric discharge surface treatment 
according to this invention, and in the drawing, numeral 2 is 
a treated material, and numeral 3 is a processing bath, and 
numeral 4 is a processing liquid, and numeral 5 is a switching 
element for performing switching of voltage and current applied 
to interelectrode, and numeral 6 is a control circuit for 
perf ormingon-of f control of the switching element 5, andnumeral 
7 is a power source, and numeral 8 is a resistor, and numeral 
10 is an electrode for electric discharge surface treatment 
according to this invention, and numeral 14 is a hard coating 
formed on the treated material 2. By such a configuration, 
the hard coating 14 having strong adhesion strength can be formed 
on the surface of the treated material 2 through electric 
discharge energy by generating electric discharge between the 
electrode 10 for electric discharge surface treatment and the 
treated material 2. 

In Fig. 1A, the TiC powder 11 is a material of high hardness 
and the TiH 2 powder 12 is amaterial of low hardness . As described 
above, strength and crumbliness of the electrode can be adjusted 
by a mixture ratio of these powders. By experiment, it has 
been found that compressionmolding can be perf ormed at a mixture 
ratio of the TiC powder 11 to the TiH 2 powder 12 with the range 
approximately from 1:9 to 9:1 and strength of a green compact 
increases with an increase in the mixture ratio of the TiH 2 
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powder 12 . Therefore, by changing a mixture ratio of this metal 
carbide powder to the metal hydride powder, the strength of 
the green compact can be changed and thus the strength and 
crumbliness of the electrode can be changed. 

Also, the compression molding can be performed by putting 
the mixed powders which are the electrode materials into a metal 
mold and applying a pressure with a press and so on. 

By forming the green compact made of the Tic powder 11 which 
is the metal carbide powder and the TiH 2 powder 12 which is 
the metal hydride powder in this manner, a reduction (1 jim 
to 3jim or less) in the particle diameter is facilitated. This 
is because the Tic is easy to manufacture a fine powder 
industrially and also it is possible to grind the TiH 2 very 
easily. For example, when the Tic powder with a small particle 
diameter and the TiH 2 powder with a large particle diameter 
are mixed and grinding treatment of the powders is performed 
by the ball mill, the TiH 2 powder becomes fine and the mixed 
powders of Tic and TiH 2 with the small particle diameter can 
be obtained . In this manner , the powders with the small particle 
diameter can easily be formed, so that manufacturing costs of 
the powders can be reduced. 

However, when the powders remain this state, the powders are 
low in strength and tend to crumble for use in an electrode 
for electric discharge surface treatment . Also, there is danger 
of spontaneous combustionby including titaniumhydride . Thus, 
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by mixing the TiC powder and the TiH 2 powder at a predetermined 
mixture ratio and performing heating treatment of the green 
compact (Fig. 1A) obtained by compression molding and 
decomposing the TiH 2 to desorb hydrogen and making metal Ti, 
a practical electrode 10 for electric discharge surface 
treatment (Fig. IB) having moderate strength and crumbliness 
as well as safety can be obtained. 

The heating treatment can be performed, for example, by 
applying high-frequency heating to the green compact of Fig. 
1A in an electric furnace. 

By such a manufacturing method, processing efficiency of 
electric discharge surface treatment can be improved, and a 
low-cost electrode for electric discharge surface treatment 
with superior safety can stably be supplied. 

In the above description, the case of using the TiC powder 
as a metal carbide powder and the TiH 2 powder as a metal hydride 
powder has been shown, but similar effects are obtained even 
when using other metal carbide powders andmetal hydride powders . 

Industrial Applicability 

As described above, an electrode for electric discharge 
surface treatment according to this invention is suitable for 
use in electric discharge surface treatment operations . Also, 
a manufacturing method of the electrode for electric discharge 
surface treatment according to this invention is suitable for 
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manufacture of the electrode for electric discharge surface 
treatment . 
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Claims 

1* An electrode for electric discharge surface treatment used 
in electric discharge surface treatment for forming a hard 
coating on the surface of a treated material through the energy 
by generating electric discharge between the electrode and the 
treated material, characterized by mixing at least a powder 
of metal carbide and a powder of metal hydride and performing 
heating treatment after compression molding and desorbing 
hydrogen in the metal hydride to be formed, 

2, An electrode for electric discharge surface treatment as 
defined in claim 1, characterized in that the metal carbide 
is titanium carbide and the metal hydride is titanium hydride. 
3* An electrode for electric discharge surface treatment as 
defined in claim 1, characterized in that a mixture ratio of 
the powder of the metal carbide to the powder of the metal hydride 
is set according to desired electrode strength and crumbliness . 
4, A manufacturing method of an electrode for electric 
discharge surface treatment used in electric discharge surface 
treatment for forming a hard coating on the surface of a treated 
material through the energy by generating electric discharge 
between the electrode and the treated material , characterized 
by mixing at least a powder of metal carbide and a powder of 
metal hydride and performing heating treatment after 
compression molding and desorbing hydrogen in the metal hydride 
to manufacture the electrode for electric discharge surface 
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treatment . 

5. A manufacturing method of an electrode for electric 
discharge surface treatment as defined in claim 4 , characterized 
in that the metal carbide is titanium carbide and the metal 
hydride is titanium hydride. 

6* A manufacturing method of an electrode for electric 
discharge surface treatment as defined in claim 4, characterized 
in that a mixture ratio of the powder of the metal carbide to 
the powder of the metal hydride is set according to desired 
electrode strength and crumbliness. 
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Abstract 

In an electrode for electric discharge surface treatment used 
in electric discharge surface treatment for forming a hard 
coating on the surface of a treated material through the energy 
by generating electric discharge between the electrode and the 
treated material, a TiC powder (11) which is metal carbide and 
a TiH 2 powder (12) which is metal hydride are mixed and heating 
treatment is performed after compression molding and hydrogen 
in the TiH 2 powder (12) is desorbed to make a Ti powder (13) 
and a practical electrode (10) for electric discharge surface 
treatment having moderate strength and crumbliness as well as 
safety is formed* 
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imprisonment, or both, under Section 1001 of Title 18 of the 
United States Code and that such willful false statements may 
jeopardize the validity of the application or any patent issued 
thereon. 
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Japanese Language Declaration 



^&z£%m&nmmm\z.#Lxmfti-z#m±x rifts 



POWER OF ATTORNEY: As a named inventor, 1 hereby 
appoint the following attorney(s) and/or agent(s) to 
- prosecute this application and transact all business in the 
Patent and Trademark Office connected therewith (fist 
name and registration number) 




John H. Mior i Reg No. 18,87?; Thomas J. Macpeak, Reg. No J£222; Robert J. Seas, Jr., Reg. No . 21,09 2: Darryl Mexic 

w g ;, n 'P£^ ; R ° bert V * SJ ° an ' Reg ' N °- 2gZL5; Peter D - 0lcx y> Re S* No - £^13; J - Osha, Reg- No. 24.62S * 

Waddeli A. Biggart, Reg. No. 24,861; Louis Gubinsky, Reg. No. 24,835; Neil B. Siegel, Reg. No. 25.200: David J Cushin* 
Reg No. 28 a 70£Johii R. Inge, Reg. No Jfi.aifc Joseph J. Ruch, Jr., Reg. No. 26£Z7; Sheldon I. Lsmdsmi, Re*. No. 2U30- 
n S? P?^' Reg * N °- ^i 0; Howard L * Be ™ stein > Re S- No. 25,665; AJan J. Kasper, Reg. No. 25,42ft; Kenneth j! 
^of 16 '/f^* 0 ' G ° rd0n ^ Reg - ^.^764; Susan J. Mack, Reg. No. 30,951; Frank L. Bernstein, Reg. No. 
314§4iMaTk Boland, Reg. No. 32J27; William H. Mandir, Reg. No. 32,156: Scott MTDinTels, Reg. No 32,56 2- Brian W 
Hannon, Reg. No. 32,778; Abraham J. Rosner, Reg. No. 33^76: Bruce E. Kramer, Reg. No. 33,725: Paul F Neils Re* No 
33Jfl2^nd Brett S. Sylvester, Reg. N o. 32,765. * » • 



Send Correspondence to: 
SUGHRUE, MION, ZINN, MACPEAK & SEAS , PLLC 
2100 Pennsylvania Avenue, N.W., Washington, D.C. 20037-3202 



Direct Telephone Calls to: (name and telephone number) 
(202)293-7060 





\00 


Full name of sole or first inventor , 
Akihiro GOTO 






Inventor's signature Date 


&m 




Residence w u 
Tokyo, Japan <TpX 


mm 




Citizenship 
Japan 




Post office address 

c/o Mitsubishi Denki Kabushiki 
Kaisha, 2-3, Marunouchi 2-chome, 




Chiyoda-ku, Tokyo 100-8310, 
Japan 






Full name of second joint inventor, if any 
Toshio MORO 






Secc^idmyenter's signature- Date 

^J^fa^ March 2, 2001 ! 






Residence [ 
Tokyo, Japan ,Tp>C 


n$s 




Citizenship 
Japan 


^ IS ^ 3^. 7c 


Post office address 

c/o Mitsubishi Denki Kabushiki i 
Kaisha, 2-3, Marunouchi 2-chome, > 




Chiyoda-ku, Tokyo 100-8310, 

Japan | 



(*-W»<0*I^«^#(-o^Tt,IPI86(zSB«L, (Supply similar information and signature for third ancf 

°' subsequent joint inventors.) 
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